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ABSTRACT

Air monitoring requirements have changed considerably, due to the new requirements
found in the Radiological Control (RADCON) Manual, and in the Occupational
Radiation Protection Rulemaking (Title 10, Code of Federal Regulations, Part 835).
Many new instrument and facility evaluations have begun due to these new guidance
documents. In particular, the requirements for air monitoring have been changed
dramatically. An evaluation of commercially available air monitors was initiated to
identify the proper system which would meet the requirements of facilities located at
the Oak Ridge National Laboratory (ORNL).

Various systems were evaluated, including alpha, beta, and alpha/beta air monitors. The
manufacturers of these air monitors included Berthold, Canberra, Eberline, and Ludium.
Technical evaluations of these instruments were required due to the wide range of
isotopes used in the current and historical operations at ORNL. The evaluations
completed at ORNL were compiled from the ANSI N42.17B-1989 entitled,
"Performance Specifications for Health Physics Instrumentation - Occupational Airtome
Radioactivity Monitoring Instrumentation," the requirements of the previously
mentioned DOE documents, and the pertinent requirements pertaining to air monitoring
at ORNL facilities. The results of these evaluations and our conclusions clearly point
out that the optimum air monitor for all activities at ORNL cannot be found.

INTRODUCTION

The Oak Ridge National Laboratory (ORNL) is currently evaluating air monitors for use
in facilities that require continuous monitoring for possible releases of airborne
contamination. The continuous air monitors which have been chosen for this
assessment include alpha air monitors manufactured by Canberra, Eberline, NE, and
Victoreen, an industry standard beta air monitor made by Ludium, and an alpha/beta air
monitor developed by EG&G Berthold.

*Research sponsored by the U. S. Department of Energy and performed at Oak Ridge
National Laboratory, managed by Martin Marietta Energy Systems, Inc. for the U. S.
Department of Energy under Contract No. DE-AC05-84OR21400.



This evaluation consisted of various tests incorporated into a single type-testing
procedure for continuous air monitors. The procedure was written in accordance with
Department of Energy (DOE) Radiation Protection for Occupational Workers, DOE
Order 5480.11, the DOE Radiological Control (RADCON) Manual, the American
National Standards Institu^ (ANSI) Standard N42.17B-1989 "Performannce
Specifications for Health Physics Instrumentation - Occupational Airborne Radioactivity
Monitoring Instrumentation," and the written requirements for facilities at ORNL. The
intent of these evaluations is to measure identified performance characteristics to
establish basic performance criteria for commercial instruments and instrument systems
used to continuously sample and measure airborne concentrations, i.e. continuous air
monitors, and to assure that these instruments meet objective performance specifications
and facility requirements.

ORNL is continually improving its capabilities for instrument performance
characterization, and will significantly increase these efforts in the near future due to
the recently initiated program known as Associated Laboratories for Excellence in
Radiation Technology (ALERT). ALERT was established by DOE and ORNL in an
effort to improve the development of health physics instruments and to be a parallel
effort to the existing program at Pacific Northwest Laboratory (PNL) due to the increase
in needs from DOE and industry.

The testing and upgrading of health physics instruments at ORNL has been ongoing for
several years. The existing test facilities include interference test equipment, shake
tables for vibration tests, several environmental chambers with capabilities of controlling
temperature, humidity, and pressure, and two radiological calibration facilities - the
Radiation Standards Calibration Lab (RaSCaL) and the Radiation Calibration Laboratory
(RADCAL).

ALPHA AIR MONITOR S

In the course of production, enrichment, and storage of materials used in nuclear
weapons, alpha contamination could become an airborne hazard. Plutonium and
Uranium are among the most prominent hazards. ORNL is one of only two or three
facilities which have the problem of dealing with many alpha-emitting isotopes. There
is a long list (shown in Table 1) of isotopes, in addition to Plutonium and Uranium, that
are found at ORNL. Distinguishing between some of these isotopes and radon can be
quite a problem for existing commercial alpha air monitors. Due to the long complex
list of isotopes found at ORNL, the significance of finding the appropriate alpha air
monitor is of great concern for the safety and well-being of the employees who work
in these and other areas.



Table 1. Alpha threats found at ORNL.

Element

Thorium - 232

Uranium - 238

Uranium - 235

Uranium - 234

Neptunium - 237

Uranium - 233

Plutonium - 242

Plutonium - 239

Americium - 243

Uranium - 232

Thorium - 228

Energy

4.01 MeV

4.20 MeV

4.40 MeV

4.77 MeV

4.77 MeV

4.84 MeV

4.90 MeV

5.16 MeV

5.28 MeV

5.32 MeV

5.43 MeV

Element

Americium - 241

Plutonium - 238

Curium - 243

Curium - 244

Polonium - 218

Bismuth - 212

Californium - 252

Polonium - 216

Polonium - 214

Polonium - 212

Energy

5.49 MeV

5.50 MeV

5.79 MeV

5.81 MeV

6.00 MeV

6.05 MeV

6.12 MeV

6.78 MeV

7.68 MeV

8.78 MeV

The alpha aii monitors that were evaluated consisted of the Canberra Alpha Sentry, the
Eberline Alpha 5A and Alpha 6, the EG&G Berthold LB 150 DR, the Nuclear Enterprise
(NE) Alpha CAM, and the Victoreen Model 758. Not all of these instruments were
conveniently available to us for testing, so there are certain tests that were not performed
on all of the air monitors being evaluated. Table 2 summarizes the overall alpha air
monitor evaluations. A brief overview of each alpha air monitor follows Table 2:

Table 2. Summary of overall evaluations of continuous alpha air monitors.

Instrument

Canberra

Berthold

Alpha 5a

Alpha 6

NE

Victoreen

N42.17B1

Excellent

Good

N/A

N/A

N/A

N/A

Source check

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Operation

Simple

OK

Simple

Simple

Simple

OK

Calibration

Simple

Tedious

Simple

Simple

Simple

Radon

Excellent

Excellent

Excellent

Poor

1 Interference testing was not performed.



Canberra Alpha Sentry

The Alpha Sentry instrument, as with most microprocessor-based algorithm-controlled
continuous alpha air monitors, is designed for monitoring ^'Pu, or low energy alpha
emitters. The multi-controller is very easy to operate, and has the ability to check the
operations of up to eight air monitors simultaneously or individually from one display.
The counting methodology is unique in that it is based on a user selectable counting
cycle. At the end of the counting cycle the monitor zeros and starts over. Counts from
the previous cycle are stored and used to determine trend-type alarms, and can be viewed
or down-loaded for closer examination. At the beginning of each count cycle, the
monitor looks for the 7.68 MeV peak (Radium C). If the peak is not within acceptable
parameters, the microprocessor uses an internal factor to realign the energy calibration.
The detector is assumed to be energy independent, and the gain adjustment affects the
spectrum equally. This reduces the effect of smearing as material is deposited onto the
filter. One great advantage over other air monitors is the additional radon rejection
capabilities designed into the system. A metal screen totally surrounds the input to the
air monitor. This patented radon reduction screen in the Sampling Head is said to
remove over 95% of the newly formed radon daughters, by adherence to the screen. The
overall environmental tests were excellent with the air monitor remaining within ± 5%
throughout the entire ranges of temperature and humidity.

EG&G Berthold LB 150 PR

The LB 150 air monitor can be operated to monitor alpha only, beta only, or both
simultaneously. This instrument is a high-volume continuous air monitor, which pulls
approximately 40 - 50 cubic feet of air per minute, and is definitely not portable, but does
have casters for minimal portability. A possible disadvantage is the large 200 mm
diameter filter which makes it somewhat inconvenient to use the filter for retrospective
analysis in most smear counters. The menu system is fairly easy to find your way
through and there is a flow diagram available when performing standard maintenance on
the system.

The detectors used in this air monitor are gas flow proportional counters, which require
methane, natural gas, or P-10 gas. When the instrument is first started up a detector flush
must be performed, which takes at least 3 hours but is better if left overnight for 12 hours
or more. A background measurement for this instrument takes any where from 60
minutes to 8+ hours (the longer the better). The efficiency calibration is fairly simple to
perform and only takes 10-15 minutes. The LB 150 also requires a natural activity and
pseudo-coincidence measurement to be made which can take as long as 2 - 3 days for
proper performance. Overall, once the system is calibrated the performance is quite good.
The efficiency and source checks were quite good, except that the unit under evaluation
did not see 252Cf. All other tests were within the allowable limits of ANSI N42.17B.

Eberline Alpha 5A

Eberline's Alpi: 5A is basically a single channel analyzer using a solid state detector.



The 5A does not incorporate any algorithms to determine airborne activity. Front panel
controls are used to adjust both the threshold setting and window width. A front panel
toggle switch allows the user to change from one operating mode to another. Available
operating modes are Gross, Pulse-Height Analysis (PHA), and PHA Subtract. The energy
response of the 5A was checked and the threshold settings compared well with each
isotope's alpha energy level. Energy resolution using 239Pu was approximately 8.8%. The
linearity of the count rate circuit was checked, and the detector efficiencies at several
different activities were consistently within ± 10% of each other. The Alpha 5A exhibits
some response problems when operated in any mode other than Gross, but is very
consistent at measuring 239Pu response in each of the modes.

Eberline Alpha 6

This Alpha 6 continues to evolve, with recent hardware and software improvements. The
addition of a radial entry head has reduced particulate loss due to deposition onto internal
air flow surfaces. Many revisions have been made on the controlling program in order
to simplify its operation. With the connection to a portable computer (PC), many of the
operating parameters can easily be accessed and changed. This allows more operating
flexibility. Remote communication is available that would allow a PC to access up to 256
monitors. Energy response, linearity, and reproducibility are tests routinely performed on
the monitor. Only the linearity test remains a problem. Linearity is checked using three
239Pu sources of different activities. The peak channel from the low activity source is
within the manufacturer's guidelines, but as the activity is increased there is a shift in the
peak channel downwards. This may be an effect of the source due to self-absorption, but
this effect was not seen on some of the other monitors. All other tests performed were
acceptable.

NE Alpha CAM

The NE Alpha Cam is very easy to operate, including routine operation, filter change, and
calibration. The response across the spectrum also seems to be good. The primary
disadvantage of this monitor is the time required after the filter change for the full effect
of the compensation algoritnm to operate properly. It takes approximately one hour for
the CAM to compensate the region of interest window correctly. The monitor will
become "operational" after just a few minutes, but the DAC-hr response will remain high
until a reasonable number of counts is accumulated in the compensation channels.
Another problem is the effect the background has on the calculation of the alarm level,
causing the minimum alarm activity to be well over common limits.

Victoreen Model 758 Alpha CAM

The model 758 uses a multi-channel analyzer to count activity. Limited testing was done
to check response, linearity, and reproducibility. The energy response of the solid state
detector was checked using various alpha sources and radon. The test established
channel/MeV factors. The most consistent factors were obtained using sources from 4.68
MeV to 6.1 MeV. Sources used at the high and low end of the spectrum had lower



factors. Linearity was checked using three different activity 239Pu sources, with activities
from 460 disintegration's per minute (dpm) to 62000 dpm. Each response was within
acceptable parameters. A reproducibility test using 239Pu counted 10 times was
acceptable. Limited operating experience does not allow a long-term use judgment to be
made of this monitor. One obvious problem is the filter holder slide-tray assembly.
There is some difficulty in operating the tray to replace a filter.

BETA AIR MONITORS

Beta contamination is also a problem at ORNL. As was seen for alpha isotopes, there
is a variety of beta isotopes found in many facilities. Only two beta air monitors were
evaluated, the EG&G Berthold LB 150 DR and the Ludlum 33? 2. Table 3 summarizes
the overall evaluations. A brief overview of each beta air monitor follows Table 3.

Table 3. Summary of overall evaluations of continuous beta air monitors.

Instrument

Berthold

Ludlum

N42.17B'

Good

Poor

Source check

Acceptable

Acceptable

Operation

OK

OK

Calibration

Tedious

Simple

Radon

Excellent

Poor

' Interference testing was not pertormedT

Berthold LB 150 DR

This air monitor was discussed previously due to it being an alpha/beta air monitor. The
instrument performed very similarly for both alpha and beta monitoring.

Ludlum 333-2

The Ludlum Model 333-2 beta air monitor and the Model 333-lp regulated vacuum pump
are mounted together on a platform to form a complete air monitoring system. This air
monitor is more or less the industry standard beta air monitor, utilizing two stacked
pancake detectors which form the primary, near the filter paper, and the gamma
subtraction detector located behind the primary detector. The sampling chamber is
surrounded by 2 inches of lead shielding, making it impossible for one person to lift. The
333-2 had two major problems, failure of the instrument at high humidity levels, and
sensitivity to radon. The failure of the instrument at high relative humidity is mainly due
to a generic problem associated with the pancake detector, which was discovered in
portable pancake probes at ORNL last year. The diurnal cycle of radon, which this unit
detects, can be seen in igure 1.

CONCLUSION

This evaluation has shown that there are no air monitors available that will meet all the



needs of ORNL, but a few of the units that were evaluated can possibly be used in certain
facilities. Since this is the case, ORNL must look for the development of new units
which will meet our needs. ORNL staff have modified an Eberline SAC-4 Scintillating
Alpha Counter instrument to count both alpha and beta radiation simultaneously. The
detector used is based on the ORNL ruggedized alpha probe technology with the addition
of a beta scintillator in a phoswich configuration. Pulse shape discrimination circuitry has
been developed to separate pulses by the characteristic decay times of the two types of
scintillators. This technique has resulted in a laboratory prototype alpha/beta smear
counter with excellent efficiency, high uniformity, low background, and excellent
crossover rejection. The instrument is a complete system, consisting of a two-inch
detector with the ruggedized scintillator, high voltage power supply, charge-sensitive input
amplifier, shaping amplifiers, pulse shape discrimination circuitry, timer, and two counting
channels with six-decade readout.

Pulse shape discrimination yields much better identification of low energy beta pulses
than conventionally-used pulse height identification. The energy distribution of the
emitted light from alpha particle interactions extends down to near zero energies, and
depending on where the energy threshold is set, low level alpha pulses may be counted
as beta events. Pulse shape discrimination identifies the pulses from the light decay time
constant intrinsic to the originating scintillator and results in superior pulse identification.

This approach, which has been demonstrated to be far superior to existing techniques, will
now allow the development of a long needed beta air monitor, and possibly an alpha/beta
air monitor. There are several advantage to using such a detector, the first of which is
its insensitivity to gamma radiation when properly optimized. Since this detector is not
susceptible to gamma radiation the need for lead shielding is no longer required, thus
allowing the development of a truly portable beta air monitor.
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Diurnal Cycle of Radon
Measured by Ludlum Beta Air Monitor
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Figure 1. This shows the diurnal cycle of Radon, measured with a Ludlum 333-2 Beta Air Monitor. The cycle is somewhat
off due to rain.
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There are three main points to this
presentation...

• The Oak Ridge National Laboratory (ORNL) has
the capability of fully testing health physics
instruments

• The overall results of the evaluation of various
commercial air monitors

• A new development that could lead to better air
monitors

ornl



ORNL's instrument testing capabilities
are constantly being improved

• Vast experience with commercial instruments that
do not meet specified requirements

• Tougher requirements found in the RADCON
manual and in 10CFR 835

• Associated Laboratories for Excellence in
Radiation Technology (ALERT) was recently
initiated

orni



The testing of health physics instruments
has been ongoing for several years

• The existing test facilities include:
- Interference test equipmennt

- Shake tables for vibration testing

- Several environmental chambers able to control temperature,
humidity, and pressure

- Two radiological test facilities

» Radiation Standards Calibration Lab (RaSCaL)

» Radiation Calibration Laboratory (RADCAL)

ornl



ORNL has a very complex health
physics program

• There are approximately 21 different alpha
isotopes at ORNL.

• ORNL is one out of only two or three facilities that
have the problem of dealing with this many
isotopes.

• Distinguishing between these isotopes and radon is
a significant problem for existing commercial
alpha air monitors.

• There is great significance in finding the
appropriate air monitor.

ornl



Alpha threats and interfering
isotopes found at ORNL

Element
Thorium - 232
Uranium - 238
Uranium - 235
Uranium - 234
Neptunium - 237
Uranium - 233
Plutonium - 242
Plutonium - 239
Americium - 243
Uranium - 232
Thorium - 228

Energy
4.01 MeV
4.20 MeV
4.40 MeV
4.77 MeV
4.77 MeV
4.84 MeV
4.90 MeV
5.16 MeV
5.28 MeV
5.32 MeV
5.43 MeV

Element
Americium - 241
Plutonium - 238
Curium - 243
Curium - 244
Polonium-218
Bismuth-212
Californium - 252
Polonium-216
Polcnium - 214
Polonium - 212

Energy
5.49 MeV
5.50 MeV
5.79 MeV
5.81 MeV
6.00 MeV
6.05 MeV
6.12 MeV
6.78 MeV
7.68 MeV
8.78 MeV

ornl



Various systems were evaluated, including
alpha, beta, and alpha/beta air monitors

• The results are broken up into two parts - alpha
and beta

• The manufacturers of the alpha air monitors
include Canberra, Eberline, NE, and Victoreen

• Ludlum was the only true beta air monitor tested
- considered industry standard

• EG&G Berthold's alpha/beta air monitor was also
tested

ornl



Several tests were performed on
the air monitors

• ANSI N42.17B - general design, electronic, radiation
response, environmental, and air flow

• Source check - efficiency, linearity, and peak shift

• Operation and calibration
• Radon rejection

ornl



The alpha air monitors that were
tested included

• Canberra Alpha Sentry
• EG&G Berthold LB 150 DR
• Eberline Alpha 5A
• Eberline Alpha 6
• NE Alpha CAM
• Victoreen Model 758 Alpha CAM

ornl



The results of the alpha air monitors

Instrument

Canberra

Berthold

Alpha 5A

Alpha 6

NE

Victoreen

N42.17B

Excellent

Good

N/A

N/A

N/A

N/A

Source Check

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Operation

Simple

OK

Simple

Simple

Simple

OK

Calibration

Simple

Tedious

Simple

Simple

Simple

Radon

Excellent

Excellent

Excellent

Poor

ornl



There were some problems with all
of the air monitors

• Canberra cannot be tested with high dpm sources

• Calibration of the Berthold unit takes several days
• Alpha 5 A had response problems in some of the

selectable modes
• Linearity of the Alpha 6 is a problem

• The NE unit takes * 1 hour to become operational
after a filter change, and background effects the
calculation of the alarm level, causing the
minimum alarm level to be over common limits

• Victoreen's filter holder slide tray assembly makes
it difficult to change the filter

ornl



Beta air monitors were also tested
for performance

• Ludlum 333-2 Beta Air Monitor (Industry
standard)

• EG&G Berthold LB 150 DR

ornl



The results of the beta air monitors

Instrument

Berthold

Ludlum

N42.17B

Good

Poor

Source Check

Acceptable

Acceptable

Operation

OK

Simple

Calibration

Tedious

Simple

Radon

Excellent

Poor
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Ludlum 333-2 Beta Air Monitor's
response to radon
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There are no air monitors that will
meet all the needs of ORNL

• Some of these air monitors can be used in certain
facilities

• A new development is underway based on ORNL's
hard-coated alpha technology

• This development could lead to the next generation
air monitors

ornl


